Stable isotope compositions of organic carbon (δ 13 C org ) and nitrogen (δ 15 N) in macrophytes and sediments are useful in assessing sources of lake productivity and diagenesis of organic matter from formation through sedimentation to decomposition. Despite the increasing importance of high-latitude landscapes to carbon cycling under amplified and accelerating warming in the Arctic, the high density of small closed-basin lakes in this landscape, and the utility of stable isotopes in the study of carbon dynamics, limited data are available on within-lake spatial variability of δ 13 C org and δ 15 N in these systems. The goal of this study was to investigate the spatial variability in stable isotopic composition of three dominant macrophyte species (Hippuris vulgaris, Eriophorum angustifolium, Warnstorfia exannulata) and sediments from littoral and profundal areas of a single closed-basin system among the common small Arctic lakes that populate the ice-free margin of Greenland. The range in δ 13 C org of macrophytes (−33.9‰ to −27.1‰) was within the typical range of plants utilizing the C 3 pathway for carbon fixation. No notable differences were observed in δ 13 C org between segments of the individual macrophytes (emergent, submergent, and root tissues), indicating that the isotopic fractionation of carbon was similar throughout the plant. Between-species variations in δ 13 C org were small, but significant (p < 0.01), with the moss most depleted in 13 C. The range of δ 15 N in littoral and profundal sediments (−0.52‰ to 1.33‰) was small, with littoral surface sediments 1‰ less enriched in 15 N than surface sediments in the profundal zone. The C/N ratios of macrophytes (mean ± SD: 27.0 ± 12.6), littoral sediments (mean ± SD: 11.0 ± 1.0), and profundal sediments (mean ± SD: 9.1 ± 0.9) point to diagenetic alteration. Combined isotopic and elemental (C/N) compositions of littoral and profundal sediments suggest that organic matter accumulating in the study lake originate primarily from in-lake primary production of macrophytes. Terrestrial sources are likely minor because of the hydrologically closed basin and limited aeolian inputs, suggesting that the majority of organic matter produced by the dominant littoral macrophyte community was decomposed between production and sediment deposition.
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Introduction
Lakes and associated wetlands are known to play an important role in the global carbon cycle through greenhouse gas (GHG) production and carbon sequestration (Battin et al. 2009; Sobek et al. 2014) . Small lakes (< 10 km 2 ) represent about half of the total area of surface water in Arctic environments (Abnizova et al. 2012 ) and emit more greenhouse gases (CO 2 and CH 4 ) per unit area than larger lakes (Bastviken et al. 2004; Cole et al. 2007; Downing 2010; Juutinen et al. 2009 ). Northern latitudes are experiencing amplified temperature increases (Cohen et al. 2014) , with this trend predicted to continue throughout the next century (Meehl et al. 2007 ). Recent analyses of methane emissions based on stable isotopes further constrain fossil fuel contributions to greenhouse gases, lending further urgency to research on the accelerated warming of northern landscapes and enhanced biogenic emissions (Schwietzke et al. 2016) . As part of the effort to understand positive feedbacks in the Arctic, it is crucial to gain a better understanding of the carbon dynamics in the extensive lake and wetland systems of this region (Wik et al. 2016) .
Primary producers and heterotrophic microbes contribute to the carbon budget of lakes through photosynthesis and decomposition, respectively (Boschker et al. 1995; Keeley and Sandquist 1992; Meyers 1994) . These processes also have a direct effect on the composition of the sedimentary organic matter (OM) throughout the system (Aichner, Herzschuh, and Wilkes 2010; Boschker et al. 1995) . Stable carbon isotope (δ 13 C org ) values of lake OM are frequently used as proxies to trace biologic sources, lake productivity, and carbon burial (Brenner et al. 2006; Liu et al. 2013; Meyers and Ishiwatari 1993; Osmond 1981; Sobek et al. 2014) . Although the input of the δ 13 C org of roots and falling litter has been shown to directly influence the δ 13 C org of soil OM (Ehleringer, Buchmann, and Flanagan 2000) , the relationship between the δ 13 C org of lake sediments and freshwater macrophytes is confounded by variation in relative inputs of terrestrial and aquatic organic carbon (Aichner, Herzschuh, and Wilkes 2010; Boschker et al. 1995; Keeley and Sandquist 1992; LaZerte and Szalados 1982; Osmond 1981) . This relationship is more complex among macrophytes versus terrestrial plants because of the variability of the δ 13 C org signatures of the source carbon between environments, the form of the inorganic carbon assimilated, and the differences in diffusional resistances related to the degree of submergence (Raven 1970; Keeley and Sandquist 1992; Leng et al. 2006) . In closed-basin lakes where terrestrial organic carbon inputs are highly constrained, the δ 13 C org may be directly controlled by isotopic variation in macrophytes and other aquatic plants within the system (Leng et al. 2006; Leng and Marshall 2004) .
Two principal plant groups contribute to OM in lacustrine systems: (1) nonvascular plants lacking woody and cellulosic tissues, and (2) vascular plants, which include these tissues (Meyers and Ishiwatari 1993) . Both groups are capable of utilizing the C 3 , C 4 , and CAM photosynthetic pathways for carbon fixation, with contributions to the system influenced by lake morphology, watershed topography, and relative abundances of lake and watershed plants (Meyers and Ishiwatari 1993) . Inorganic carbon sources used by macrophytes during photosynthesis include carbon dioxide (CO 2 ) and/or bicarbonate (HCO 3 − ; Allen and Spence 1981; Aichner, Herzschuh, and Wilkes 2010; Keeley and Sandquist 1992; Meyers 1994; Osmond 1981) . These sources are distinguished by unique isotopic signatures (CO 2~− 7‰ vs. HCO 3 −~+ 1‰), which affect the δ 13 C org value of the macrophyte and allow for the primary inorganic carbon source to be deduced (Osmond 1981; Keeley and Sandquist 1992; Meyers 1994) . Nitrogen isotope composition (δ 15 N) can also be useful in determining sources of OM (Brenner et al. 2006) . Organic matter typically retains a δ 15 N signature similar to the source nitrogen (Meyers and Ishiwatari 1993 (Meyers and Ishiwatari 1993) .
Sedimentary OM consists of a mixture, which can include OM from primary producers within the lake (i.e., macrophytes, algae) and from the surrounding watershed (i.e., terrestrial vegetation and soils in catchment) (Boschker et al. 1995; Brenner et al. 2006; Kuzyakov and Domanski 2000; Liu et al. 2013; Meyers and Ishiwatari 1993) . In the time between origin and sediment burial, OM can be altered by selective degradation, making the amount incorporated into subsurface sediments only a fraction of the original OM introduced to the surface waters (Meyers and Ishiwatari 1993) . This results in sedimentary OM that is markedly different from the OM produced by the biota in and around the lake (Eadie et al. 1984; Meyers 1994; Meyers and Ishiwatari 1993) . Stable carbon isotopes of OM are largely unaffected by diagenesis, making them a useful resource in determining the source carbon of the system (Boschker et al. 1995; Meyers and Ishiwatari 1993) . However, inputs from multiple carbon sources with varying isotopic signatures can make it difficult to constrain the primary source of OM to sediments. It is therefore useful to include multiple parameters, such as nitrogen isotopes (δ 15 N) and C/N ratios, to increase confidence in analysis (Bernasconi, Barbieri, and Simona 1997; Meyers and Lallier-Vergès 1999; Boschker et al. 1995; Sampei and Matsumoto 2001) .
West Greenland contains hundreds of thousands of Holocene lakes underlain by continuous permafrost and isolated from regional water flow (Anderson et al. 2001; Leng and Anderson 2003; Anderson and Stedmon 2007; Jørgensen and Andreasen 2007) . Paleolimnological studies of lake sediments have been particularly important to the current understanding of regional environmental variability in Greenland (Anderson and Leng 2004; Anderson et al. 2008; Olsen, Anderson, and Leng 2013; Olsen et al. 2012 ). These studies have surveyed multiple lakes in this region, with sampling at the maximum water depth. In particular, Olsen, Anderson, and Leng (2013) demonstrated that stable isotope composition of lake sediments can only inform past environmental change when informed by the context of lake-specific limnological processes. Yet little is known about the spatial variability in biogeochemistry within these systems and how this might influence sediment composition. In this study we focus on spatial variability in a single e1420282-2 small Arctic lake that is part of a population common to the ice-free margin of Greenland. We investigate the spatial variation in the δ 13 C org and δ 15 N of OM, including δ 13 C org from macrophytes and associated littoral and profundal sediments. We hypothesized that variation would be low, with the majority of OM in the system originating from autochthonous littoral sources, because of the limited terrestrial vegetation in the surrounding landscape, a lack of allochthonous carbon transport to the lake because of closed-basin hydrology, the absence of drainage inputs, and the presence of continuous permafrost.
Methods

Site description
This study focused on a small lacustrine system (informally referred to as EVV Upper lake) with a fringing wetland located near Kangerlussuaq, Greenland (67°0 5ʹ16ʺ N, 50°17ʹ14ʺ W) between the Søndre Strømfjord and Russell Glacier ( Figure 1 ). This lake is part of a larger study of seven small lakes in the area that investigated seasonal and spatial variations in biogeochemical dynamics within these lakes during winter and summer and the effects of these dynamics on methane cycling (see Cadieux 2015; Cadieux et al. 2016) . Morphometric characteristics were presented in detail elsewhere (Colcord et al. 2015; Goldman et al. 2015; Cadieux et al. 2016 ; Table 1 ), while limnological parameters were recorded every 1 m up the water column at maximum depth (5.5 m; Table 2 ). Lake hydrology is dominated by melting snowpack with no through-drainage and limited groundwater seepage because of negative regional precipitation-evaporation balance and the presence of continuous permafrost (Willemse et al. 2004 ). The littoral zone of the system is abundant in macrophytic vegetation that is spatially limited to the shallow margin of the lake. The littoral community is dominated by a forb Hippuris vulgaris (common mare's tail), a graminoid Eriophorum angustifolium (tall cottongrass), and a moss tentatively identified as Warnstorfia exannulata (warnstorfia moss; Guo et al. 2013 ).
The continuous permafrost has a seasonably active layer extending to less than 50 cm below the surface (Jørgensen and Andreasen 2007) and the area has a Low Arctic continental climate with low annual precipitation (<150 mm yr
; Anderson et al. 2001 ). Local flora is described as an Arctic Mountain Tundra community (UNEP/GRID-Arendal 2006) and includes mixed dwarf shrubs (Salix glauca, Vaccinium uliginosum), mixed graminoid (Carex concolor, Calamagrostis lapponica), vibrant graminoid (Calamagrostis lapponica), and aquatic forb (H. vulgaris). Mean annual air temperature in the area is −6°C (Anderson et al. 2001) , with maximum temperatures of 20°C from June to early August when mean temperatures are higher than 8°C. Complexly deformed Archean felsic gneisses interlayered with garnetiferous mafic gneiss, pegmatite lenses, and rare pyroxenites are characteristic of the bedrock surrounding the study lake. Cadieux et al. 2016) .
68 Field sampling
The three vegetative species that dominate the littoral community in EVV Upper lake and associated surface sediments were collected on July 17, 2014, at ten sampling sites along the shallow edge of the littoral zone ( Figure 1 ). Sampling locations were chosen based on eleven 0.5 × 0.4 m plots denoted by high-density polyethylene (HDPE) frames being utilized during a recent methane flux chamber study. Two individual samples of each plant species were collected from within each plot. Vascular species Eriophorum and Hippuris were separated by emergent, submergent, and root segments for discrete analyses. However, because of the small size of the nonvascular moss Warnstorfia, the biomass of leaf/ stem collections was pooled for tissue analyses. Littoral surface sediments associated with macrophyte sampling sites were sampled from under a layer of water and bryophytic mat ranging in depth from 10 cm to 30 cm. Surface sediment grab samples were collected from each plot by cutting through the peat mat until the sediment surface was exposed and filling a presterilized 50 mL centrifuge tube with the sample. A 50 cm deep sediment core was taken at maximum water depth (Z max ) with a WaterMark ® Universal Corer Sediment Sampler, capped, and transported to the lab for processing.
Following same-day return to the Kangerlussuaq International Science Support (KISS) lab, littoral sediment samples were immediately frozen for preservation. Plant samples were rinsed with deionized water to remove sediment and debris, dried at 35°C for 24 hrs, and stored in Ziploc ® bags for transport to Indiana University for analysis. The profundal sediment core was sectioned into 5 cm-depth discs, stripped of dissolved CH 4 in the pore water using the methods described in Cadieux et al. (2016) , and transferred to 50 mL centrifuge tubes. Samples were frozen and transported to Indiana University for analysis.
Laboratory analysis
Dried plant samples were flash frozen in liquid nitrogen and ground to a fine powder to ensure homogeneity. Sediment samples were dried, ground, and sieved to remove rock and plant particulate matter. Three sediment samples were randomly chosen to test for carbonates using 10 percent HCl. The absence of bubbling indicated that no carbonates were present, and it was determined that no acid treatment was necessary for the remaining samples. Plant and sediment samples were analyzed for percent organic carbon (%OC), percent nitrogen (%N), nitrogen isotope ratio (δ 15 N), and organic carbon isotope ratio (δ 13 C org ) in the Stable Isotope Research Facility (SIRF) lab at Indiana University on a Costech ECS4010 Elemental Analyzer (EA-IRMS). Instrumental precision, using acetanilide, EDTA, and cornstarch standards, was determined to be ±0.2‰, with reproducibility of δ 13 C org and δ 15 N within ± 0.6‰ and ± 0.4‰, respectively. Isotope ratios are reported in conventional delta notation (δ) with units as per mil (‰) relative to the Vienna Pee Dee Belemnite (VPDB) standard for carbon and atmospheric N 2 (AIR) for nitrogen.
Quantitative analysis
The C/N mass ratios were calculated for macrophyte segments and sediment samples. Concentrations of dissolved carbonate species were estimated using a chemical equilibrium model (MINEQL + v. 4.6) . Field measurements of water temperature, partial pressure of CO 2 , pH, and alkalinity were used as inputs in MINEQL + to determine equilibrium concentrations of carbonate species and to calculate the degree of saturation with respect to atmospheric partial pressure. Correlation analyses were conducted using linear regression and betweenspecies variation was determined using one-way ANOVA analysis. Statistical analysis was performed using Microsoft Excel for Mac 2011 (Microsoft Corp., Excel for Mac OS X. Version 14.4.6; www.microsoft. com/mac) and StatPlus (AnalystSoft Inc., StatPlus:macstatistical analysis program for Mac OS, Version v5; www.analysoft.com/en/). The three vegetative species that dominate the littoral community in EVV Upper lake, H. vulgaris, E. angustifolium, and W. exannulata, were subsampled and analyzed for δ 13 C org and C/N (Figure 2 ). Pooled tissues of each species exhibited δ 13 C org values that ranged between −33.9‰ and −27.1‰, with median values for H. vulgaris, E. angustifolium, and W. exannulata of −27.7‰, −27.9‰, and −31.7‰, respectively ( Figure 2A ; Table S1 ). The range in values for δ 13 C org are similar to data reported for macrophytes in previous studies (Syväranta, Hämäläinen, and Jones 2006) . They are similar to δ 13 C org of OM produced from fixation of atmospheric CO 2 by terrestrial plants utilizing the C 3 photosynthetic pathway (Bender 1971; Brenner et al. 2006; Meyers 1994; Meyers and Ishiwatari 1993; O'Leary 1988; Osmond 1981) , including Arctic terrestrial C 3 plants (Körner, Farquhar, and Wong 1991) . Although each of these species utilizes the C 3 pathway, some macrophytes are known to be capable of HCO 3 − uptake (Allen and (Wetzel 2001 ). The C/N ratios of pooled tissues in macrophyte samples ranged from 9 to 58, with median values for H. vulgaris, E. angustifolium, and W. exannulata of 18, 38, and 28, respectively ( Figure 2B ). Bryophytes typically contain degradation/decomposition-resistant tissues, which would lead to higher C/N ratios relative to forbs and graminoids (Hájek et al. 2011; Kroken, Graham, and Cook 1996) . Several studies report average C/N ratios between 4 and 10 (Meyers 1994; Meyers and Ishiwatari 1993; Meyers and Teranes 2002) . The C/N ratios for the nonvascular bryophyte in EVV Upper lake (W. exannulata) ranged from 14 to 36. Variability in C/N in this study was high for all three plant species, with relative standard deviations for H. vulgaris, E. angustifolium, and W. exannulata of 49, 41, and 27 percent, respectively. The high variability in C/N likely resulted from the use of EA-IRMS to simultaneously determine elemental C and N concentrations and stable isotopic composition, which requires relatively small sample mass.
Results and discussion
The carbon isotopic composition of the individual segments of vascular macrophytes, H. vulgaris and E. angustifolium, varied only by about 2‰ (δ 13 C org of emergent, submergent, and root tissues; Figure 3 and Table S1 ).
This range is similar to Ehleringer, Buchmann, and Flanagan (2000) , who reported differences between foliage, wood, fruit, and roots of terrestrial plants of 2-3‰. Previous studies have reported variation of carbon isotopic signatures of whole macrophytes related to water depth (Farquhar, Ehleringer, and Hubick 1989; Liu et al. 2013; O'Leary 1988) . The depth range of the littoral zone of EVV Upper lake is narrow, and macrophyte densities are sparse in deeper areas. Consequently, these areas were not sampled. Rapid light extinction (vertical light attenuation coefficient, k d = 2.3 m −1 ; Cadieux 2015) associated with high water-column DOC (median = 48 mg L −1 ; Table 2) likely is the cause for the limited distribution of the littoral community to shallow water-column depths. Thus, depth of submergence could not be evaluated as a factor affecting carbon isotopic discrimination in individual plant segments. We do note that the emergent tissues of H. vulgaris were about 1‰ more enriched in 13 C than the submergent and root tissues, while no effect of submergence was observed for E. angustifolium (Figure 3) .
While within-species variation of δ
13
C org values was limited, significant differences were observed between the vascular macrophytes and the nonvascular moss (p < 0.01). Vascular macrophyte species displayed mean δ 13 C org values of −28.8 ± 1.6‰ (H. vulgaris) and −28.1 ± 0.8‰ (E. angustifolium), while the nonvascular moss species (W. exannulata) was greater than 2‰ less enriched in 13 C; mean δ 13 C org = −33.0 ± 1.3‰ (Figure 2A ). Greater carbon isotopic discriminiation in W. exannulata could be attributed to several factors. Microbial symbiosis between Sphagnum sp. and methanotrophs has been shown to allow the moss to utilize methane as a carbon source, leading to greater depletion of 13 C in the fixed carbon of moss plant tissues (Kip et al. 2010; Raghoebarsing et al. 2005) . Spatial variation in methane isotopic composition and its overall contribution to fixed carbon within the moss mats could also account for the relatively large variation in δ 13 C org we observed for W. exannulata (Figure 2A) . However, W. exannulata in EVV Upper lake exhibited considerably greater depletion in 13 C of plant tissue than was reported for Sphagnum sp. in the studies cited earlier. An alternative explanation for the more negative δ
C org values in moss tissues is that these plants have unlimited access to dissolved CO 2 in the surface water of the littoral zone they inhabit. Many aquatic bryophytes will fix only dissolved CO 2 (Bain and Proctor 1980; Turetsky 2003) . Isotopic fractionation in macrophytes has been shown to vary with CO 2 availability (Kerby and Raven 1985; O'Leary 1988) , with greater fractionation observed when dissolved CO 2 is unlimited. The concentration of dissolved CO 2 in the surface waters of EVV Upper lake was calculated to be more than four times the concentrations in equilibrium with the partial pressure of atmospheric CO 2 , making the system supersaturated. Supersaturation is likely caused by the production of carbon dioxide from decomposition at a rate that exceeds rates of degassing from the water column. EVV Upper lake has a small surface area (0.2 ha; Table 1 ) and limited wind mixing, particularly during midsummer. Elevated rates of CO 2 production from decomposition and kinetically constrained evasion rates likely lead to supersaturated concentrations of CO 2 during midsummer. More negative δ
C org values would be expected under supersaturated CO 2 conditions because of an increase in 12 C availability (Kelley 1987; Kling et al. 1991) .
Several noteworthy distinctions were observed in the relationship between the δ 13 C org and %OC of the different littoral plant tissues in EVV Upper lake (Figure 3) . Generally, in macrophyte tissues from EVV Upper lake, the δ 13 C org increased with increasing organic carbon content, likely because of the preferential fixation of 12 C over 13 C during photosynthesis (Farquhar, Ehleringer, and Hubick 1989) . Note that the distinctly lighter carbon isotopic compositions of the forb (Hippuris) and graminoid (Eriophorum) tissues versus moss (Warnstorfia) tissues were also associated with higher organic carbon content (Figure 3 ). Stable carbon isotope values of littoral surface sediments associated with macrophyte sampling sites ranged from −30.8‰ to −26.9‰ (mean ± SD: −29.6 ± 0.97), and are similar to values reported in previous lake sediment studies (Ho and Meyers 1994; Meyers and Ishiwatari 1993; Qiu et al. 1993) . We note that the δ 13 C org values of littoral sediments were bracketed by the range of the dominant plants in the littoral community, particularly by the emergent species, H. vulgaris and E. angustifolium (Figure 3) . The dominant moss species, W. exannulata, exhibited δ 13 C org values consistently more depleted in 13 C than the sediments beneath. For both the Eriophorumdominated sites (nos. 3, 8, 10) and Hippuris-dominated sites (nos. 1, 4, 6, 7), plant tissues were consistently isotopically enriched in 13 C relative to the sediment directly below ( Figure 5 ). We did not find systematic variation in δ 13 C org from emergent to submergent to root for Eriophorum, although emergent tissues of Hippuris were consistently more enriched in 13 C relative to its submergent and root tissues. Note that submergent tissue for Site 1 may be an outlier. Syväranta, Hämäläinen, and Jones (2006) also measured variations in the δ 13 C org of macrophytes, comparing emergent, floating, and submerged species in a lake in central Finland. They found large spatial variability, with submerged species approximately 3‰ more isotopically enriched than emergent and floating species. As with other studies on the isotopic composition of aquatic plants, Syväranta, Hämäläinen, and Jones (2006) attribute differences in δ 13 C org to differences in the inorganic carbon pools being accessed (aqueous DIC versus atmospheric CO 2 ). Although there may be seasonal variation in the DIC pool in the littoral zone that affects the δ 13 C org of macrophyte biomass, the isotopic signal that is transferred to sediment pools is likely to be an integration of the isotopic composition of carbon fixed during the course of the growing season. The pooled result is the biomass that senesces and is added to the sediment pool in the fall. Although we are not sampling during fall senescence, the time period of our sampling corresponds with the near maximum in macrophyte growth for the season. Thus, we believe our plant samples reasonably approximate the integrated seasonal value of δ 13 C org of macrophytes that is ultimately transferred to littoral sediments.
The isotopic composition of OM in littoral surface sediments is likely to reflect differences in plant tissue inputs and in diagenetic alternation of OM (Gälman, Rydberg, and Bigler 2009) . Comparing the δ 13 C org with %OC for littoral sites, we found that carbon isotopic composition of surficial sediment OM became heavier with decreasing %OC (Figure 3) . Preferential decomposition of isotopically lighter carbon substrates may be e1420282-6driving these changes even in shallow sediments of the littoral zone analogous to diagenetic alternation described for longer sediment cores representing longer time frames (Gälman, Rydberg, and Bigler 2009; Sobek et al. 2014) . The carbon isotopic composition of littoral sediments was also similar to nearby surface soils (Colcord, Pearson, and Brassell 2017) ; however, inferring the source of sedimentary OM using δ 13 C org exclusively can be misleading (Aichner, Herzschuh, and Wilkes 2010; Lehmann et al. 2002) .
Surface sediment δ 15 N values ranged from −0.52‰ to 1.33‰, with samples becoming more enriched in 15 N on the western side of the lake (Table S1) . These values are consistent with results from other lacustrine systems. For example, Jones et al. (2004) , in a survey of thirty lakes from upland United Kingdom, reported a range in the δ 15 N of surface sediments from −0.2‰ to 6.1‰; values were very similar to the δ 15 N of macrophytes from these sites. Variations in nitrogen isotope ratios in lake nitrogen pools often are attributed to differences in the isotopic composition of inputs and from biologically mediated fractionations within the system (Jones et al. 2004) . For example, depleted signatures of δ 15 N have been associated with preferential diagenesis (Meyers and Ishiwatari 1993) and selective discrimination during nitrate assimilation (Meyers and Lallier-Vergès 1999; Cloern, Canuel, and Harris 2002) . Without comprehensive spatial analysis of δ 15 N values for plant tissues, we are unable to relate spatial patterns in sediment δ 15 N to littoral plants.
The C/N ratios in surface sediments of the littoral zone ranged from 8.5 to 12.4 (mean ± SD: 11.0 ± 1.0; Table S2 ). The C/N ratio in plant biomass ranges from higher values in terrestrial plants (C/N of 20-80) to lower values in aquatic algae (C/ N of 4-10; Meyers and Ishiwatari 1993) . Our observations fall in the typical range of autochthonous sources in freshwater lakes, including littoral macrophytes (Brenner et al. 2006 ) and periphytic algae from oligotrophic systems (Fink, Peters, and Von Elert 2006) and below terrestrial plants. Similar to previous observations of lakes in the surrounding area, the δ 13 C org values and C/N ratios of EVV Upper lake surface sediments indicate that OM most likely originated from in-lake primary production (Sobek et al. 2014) . Although observed values of these parameters could also indicate an input of OM from terrestrial C 3 plants, this is unlikely because of the absence of drainage inputs associated with the closed-basin hydrology of EVV Upper lake. Aeolian inputs may also be important to the biogeochemistry of certain lakes in the region (Olsen, Anderson, and Leng 2013; Rydberg et al. 2016) ; however, we suggest that these sources are likely limited because of the very small surface area of the lake (A = 0.2 ha; Table 1 ) and protection from wind by topographic relief on three sides. The profundal sediment core collected from EVV Upper lake measured 50 cm in depth and was characterized by a gradual change from darker layers in shallow intervals to lighter layers in deeper intervals. However, distinct laminations were not visually evident. Although this specific core was not dated, sediment dating of EVV Upper lake and an immediately adjacent lake (EVV Lower lake) was completed on cores collected in 2012 (Colcord et al. 2015) . The sediment accumulation rate for EVV Upper lake was approximately 0.015 cm yr (Figure 4) . The values and the depth-dependent trend are very similar to those reported from the core collected at EVV Upper lake in 2012 by another laboratory (Colcord, Pearson, and Brassell 2017) . Collected concurrently, surface soils (upper 10 cm) surrounding EVV Upper lake had an average δ 13 C org of −28.9‰ (Colcord, Pearson, and Brassell 2017) . The results from nearby EVV Lower lake, only 60 m to the west of EVV Upper lake, were notably different, where δ 13 C org in sediments ranged from −22.8‰ at the surface to −25.6‰ down core, with the most 13 C depleted isotopic values occurring at depth; the mean δ 13 C org in soils nearby was −23.7‰. Colcord, Pearson, and Brassell (2017) suggest that the δ 13 C org of surface sediments was influenced by inputs from local soils. Surface sediments from larger Two Boat Lake, located 5 km northeast of EVV Upper lake, also contained similar δ
C org values (Rydberg et al. 2016) . Sobek et al. (2014) , in a study of similar lakes in the surrounding area, found more enrichment in δ
C org values below 5-10 cm depth, while Funder (1978) reported no trends in δ
C org with depth in east Greenland lake-sediment cores. As these studies show, there is considerable variation in patterns of δ 13 C org with sediment depth in this region. However, a negative offset in sediment δ
C org values relative to OM inputs is likely because of discrimination against 13 C during microbial decomposition in sediments (Gälman, Rydberg, and Bigler 2009; Lehmann et al. 2002) . 2013). Selective degradation of OM through microbial modification of specific components during early diagenesis can alter C/N ratios and the C and N isotopic composition of the residual OM (Bernasconi, Barbieri, and Simona 1997; Lehmann et al. 2002; Meyers 1994; Meyers and Ishiwatari 1993) . The median δ 15 N of littoral surface sediments in EVV Upper lake was 0.1‰ (Table S1 ), while δ 15 N in the profundal sediment core decreased with core depth from 1.2‰ to 0.7‰ (Figure 4) . The littoral surface sediments were about 1‰ less enriched in 15 N than surface sediments in the profundal zone. Although the difference is small, it suggests some diagenetic alternation of OM between deposition in littoral sediments and initial burial in profundal areas. This is supported by the C/N ratio in the upper 5 cm of profundal sediments (10.4; Figure 4 ) and the mean value for littoral surface sediments (11.4; Table S2 ). Similarity in δ 13 C org and C/N ratios of littoral surface sediments and surface intervals of the profundal sediments also supports the idea that OM sourcing to the profundal sediments is primarily from the littoral zone. This is consistent with the organic matter cycling of closed-basin lakes, where the primary input of OM to profundal sediments may be autochthonous supply from littoral areas (Leng and Marshall 2004; Olsen, Anderson, and Leng 2013) .
Conclusions
This study focuses on a single small closed-basin lake near Kangerlussuaq, southwestern Greenland. We demonstrate low spatial variability in elemental and isotopic composition of littoral plants and associated sedimentary OM within three dominant macrophyte communities that comprise the littoral areas. Further, we show that the δ 13 C org of plant tissues from different segments of the dominant macrophytes (emergent, submergent, root) differed by less than 6‰, indicating that isotopic fractionation associated with carbon fixation is similar for each macrophyte species and consistent throughout the community. Further, plant tissue δ 13 C org matches values for C 3 plants utilizing atmospheric CO 2 for carbon fixation. The δ
13
C org and δ
15
N of OM from surficial sediments in the littoral zone exhibited low spatial variability throughout the system, differing by less than 4‰ and less than 2‰, respectively. The isotopic composition and C/N ratios of littoral plants and associated sediments and profundal sediments suggest that the inputs of OM to profundal sediments are dominated by sourcing from littoral macrophytes. The influence of terrestrial sources of OM are likely limited because of the hydrologically closed basin and small surface area of the lake. While small, hydrologically isolated lakes currently dominate west Greenland, Arctic lakes with through-drainage are likely to have a complex variety of OM sources that contribute to higher spatial variability of isotopes of OM. More work is required to understand how representative this site is of closed-basin systems in the Arctic and how small closed-basin lakes compare with openbasin lakes throughout the Arctic.
